' INTRODUCTION
Human DJ-1, with its 189 amino acids, is a relatively small protein encoded on chromosome 1 (1p36.2-3) of the human genome. The protein is of interest to both cancer and neurodegenerative disease research. More specifically, DJ-1 expression is upregulated in multiple cancers, 1, 2 and the protein has been implicated in cell fate decisions that influence the invasiveness and metastasis of tumors. 3 In the context of neurodegenerative diseases, mutations within DJ-1 have been identified to cause a rare autosomal recessive, early onset PARK7 form of Parkinsonism. 4 DJ-1 is part of a diverse superfamily with various clades that contain chaperones, cysteine proteases, and many proteins of unknown function. 5 Structural investigations revealed that mature DJ-1 is characterized by a flavodoxin-like Rossmann-fold, largely consisting of a β sheet sandwiched between R helices. 6À8 A similar fold has also been observed in other proteins of the DJ-1/ThiJ/Pfpl/Hsp31 superfamily. However, individual superfamily members can be structurally distinguished by specific insertions within the core fold that contribute to a surprising diversity in quaternary oligomerization states. 9 Thus, while Pfpl requires assembly into a homohexamer for its putative proteolytic activity, 8 the functional form of DJ-1 is expected to predominantly exist as a homodimer. PARK7 mutations that map to DJ-1 may cause a loss of the entire protein or generate loss-of-function versions of this protein, 4 possibly by interfering with its homodimerization 7 or by forming unstable higher order complexes. 10 In the brain, DJ-1 has been observed to be widely expressed in cortical areas but is particularly abundant in neurons within the hippocampus, the basolateral amygdala, and the substantia nigra, where it has been reported to localize to both neuronal and nonneuronal cells. 11 Originally identified as an oncogene in a mouse fibroblast cell line (NIH 3T3), 12 whose ability to transform cells was further potentiated in the presence of ras or myc, the cellular function of DJ-1 has remained enigmatic despite the broad research interest in this protein. Proposed roles include an involvement in transcriptional regulation and/or protective roles as a molecular chaperone in the cellular response to oxidative or chemical stresses. Given a high level of expression of DJ-1 across multiple tissues observed in wild-type mice, it came as a surprise that mice deficient for the DJ-1 gene show no overt phenotype. 13 A mild phenotype can be elicited in these mice if they are experimentally exposed to oxidative stressors.
14 Also, a mild memory impairment phenotype has been reported in DJ-1-deficient mice, characterized by a reduction in long-term potentiation in the hippocampus. However, no dopaminergic neuronal degeneration or oxidative damage was observed in aged DJ-1-deficient mice. 15 A conserved and putatively nucleophilic cysteine residue (Cys106) that may contribute to a catalytic center is buried in the DJ-1 monomer, and it has been suggested that DJ-1 is modified in response to oxidative stressors by oxidation of this Cys106 residue. 16 A similar redox biology is well-known to exist in the peroxiredoxin protein family, 17, 18 an observation that, together with other similarities in size, structure, and putative function, has invoked the characterization of DJ-1 as a peroxiredoxin-related molecule. 19 For proteins of unknown function, a characterization of the proteins they partner with can sometimes provide a first step toward elucidating a physiological role. Multiple investigators have taken this direction for DJ-1 and have cumulatively reported more than a dozen putative interactors of DJ-1, which include the protein inhibitor of activated STAT (PIAS) xalpha, 20 a largely uncharacterized DJ-1 binding protein (DJBP), 21 Daxx, 22 parkin, 23 R-synuclein, 24 Hipk1, 25 the androgen receptor, 26 histone deacetylase 6 (HDAC6), 27 and phosphate and tensin homologue deleted on chromosome 10 (PTEN). 28 The most comprehensive analysis of this kind compared the interactomes of DJ-1 and R-synuclein in a rat mesencephalic neuronal cell line in the presence and absence of the pesticide rotenone, known to induce Parkinson's disease-like symptoms in rats. 29 The incorporation of quantitative mass spectrometry facilitated the direct comparison of hundreds of proteins that copurified with the baits in that work, including the proteins clathrin, nucleolin, and calnexin, but the absence of a negative control made it difficult to distinguish interactors from unspecific binders. Taken together, little agreement exists regarding the biological significance of currently known DJ-1 interactors.
Given the astonishing range of candidate interactors that the small DJ-1 protein has been proposed to bind directly to in the aforementioned studies, the question arises whether DJ-1 binds to different proteins in diverse cellular contexts and experimental paradigms. Sightings of DJ-1 have been reported in cellular compartments as diverse as the cytoplasm, the mitochondria, and the nucleus, which, assuming these differences are not mere experimental artifacts, may be indicative of an ability of this protein to play a role in diverse subcellular environments. 21,30À33 Cumulatively, the above properties make DJ-1 an interesting protein target for interactome investigations designed to (i) address whether this protein exists as a part of a larger protein complex, (ii) elucidate the relative influence of the cellular context (tissue versus cell-based) on its interactome, and (iii) explore whether acute exposure to oxidative stressors alters the molecular environment of DJ-1. Because DJ-1 is a highly abundant protein, an investigation of its molecular neighborhood is likely to reveal other highly abundant proteins. In a situation such as this, the use of quantitative mass spectrometry is indispensable, as many of these highly abundant proteins may also populate protein lists obtained in negative control samples on account of their increased likelihood to either be trapped at a low level in the affinity matrix or to inadvertently copurify because of their dominant presence in cellular extracts. Here, we used two complementary quantitative profiling strategies, the label-free spectral counting method 34 or isotopic tagging for relative and absolute quantitation (iTRAQ), 35 to address this challenge.
In the following sections we will present glimpses into a biological role of DJ-1 as a molecular neighbor and possible partner of key protein players that are notorious for their involvement in cell fate decisions. The data we present in this article suggest that caution has to be exerted in interpreting interactome data obtained from a single biological source material, in particular for abundant proteins expressed in different cell types and tissues.
' EXPERIMENTAL SECTION Antibodies
The affinity-purified rabbit anti-DJ-1 antibody we used in this study had been raised against full-length human DJ-1 and is known to be reactive toward rodent and human DJ-1 (SIG-39835, Covance, CA). The Hsp90 antibody (610418, BD Biosciences, NJ) and HSP8A/HSC70 antibody (ab19136, AbCam, MA) are both reactive to the rodent and human isoforms of their respective heat shock protein family members. The antibody reactive to VCP (G-20) is known to react with a sequence located at the C-terminus of human VCP (Santa Cruz Biotechnology Inc., CA). Antibodies directed against Akt (9272, Cell Signaling Technology, Inc., MA) and Raf-1 (C-12, Santa Cruz Biotechnology Inc., CA) recognize mouse and human sequences.
Cell Culture, in Vivo Cross-Linking, Inhibitor, and Oxidative Treatments Murine homozygous knockout (DJ-1 À/À ) embryonic stem cells were generated by high G418 concentration selection of heterozygous knockout (DJ-1 +/À ) embryonic stem cells for 9 days, followed by the picking, growing up, and screening of single colonies for homozygous deletion of DJ-1. Embryonic stem-cells (wild-type (DJ-1 +/+ ), heterozygous (DJ-1 +/À ), and homozygous knockout (DJ-1 À/À )) were cultured in Dulbecco's Modified Eagle's Medium (DMEM, Gibco) containing 15% (v/v) fetal bovine serum (FBS, Gibco), 1% leukemia inhibitory factor (LIF), 2 mM glutamine, 1% (v/v) penicillin/streptomycin (50 U/mL), and 1 mM β-mercaptoethanol. Where indicated, cells were treated before Western blot analyses for 16 h in the presence or absence of 1 μM of geldanamycin or 150 μM of H 2 O 2 before being washed twice in ice-cold phosphate buffered saline and scraped from the dish. Subsequently, proteins were extracted with 1% deoxycholate (DOC), 1% NP-40, and 20 mM Tris, pH 8.3, supplemented with 1Â Complete Protease Inhibitor Cocktail (Roche, Palo Alto, CA) before being incubated on ice for 30 min, sonicated for 5 min, and centrifuged at 100000g for 1 h. Protein concentrations of cleared cell lysates were calculated using a bicinchoninic acid assay (BCA). The effect of geldanamycin (GA) inhibitor treatments on cell viability was assessed by the Trypan blue dye exclusion assay. Briefly, 0.4% Trypan blue was gently mixed with trypsinized cells and incubated for 5 min at room temperature. Subsequently, the percentage of viable cells per volume equivalent was determined with the use of a hemocytometer. Alternatively, for the protein extraction for the mass spectrometry analyses, cells were incubated in 500 μM of H 2 O 2 for 1 h before being processed for formaldehyde crosslinking as previously described for murine neuroblastoma cells (N2a). 36 
Time-Controlled Transcardiac Perfusion Cross-Linking
The protocol for time-controlled transcardiac perfusion crosslinking (tcTPC) has been described before. 37 Briefly, mice were anesthetized intraperitoneally with Nembutal (sodium pentobarbital), and 0.2 mL of 1000 U/mL heparin solution was also administered to prevent blood clotting. The chest was cut open in a caudal to rostral direction to the sternum, along the sides of the rib cage and secured with either hemostats or retractor forceps. The tip of the heart was secured with forceps then carefully clamped across with a curved hemostat. A slit was cut into the left ventricle, recognizable by its lighter color, into which a 30-mm-long 20-gauge needle with barrel tip, clamped into place with a hemostat and Luer lock hub, was inserted. The left atrium was cut, and the animal was perfused with saline at 25 mL/min for 2 min to purge the blood vessels. The perfusion was switched to fixative solution at 25 mL/min, and cross-linking was carried out for 6 min, with the absence of blood in the tail and a hardening of the limbs of the animal signaling a successful perfusion. After perfusion, the brain and liver were rapidly removed, postfixed in cross-linking reagent for up to 15 min at room temperature, and immediately frozen by immersion in liquid nitrogen. To increase the throughput of the tcTPC perfusions to 10 per h, individual perfusions were initiated every 6 min in a procedure that required the parallel operation of two peristaltic pumps.
Affinity Purification of Bait Proteins
Approximately 10 9 in vivo formaldehyde (FA)-cross-linked cells of each of the four embryonic stem (ES) cell lines or brain tissue (10 tcTPC-derived brains per sample) were lysed in homogenization buffer (50 mM NH 4 Cl, 80 mM Tris, pH 8.0) supplemented with 1Â Complete Protease Inhibitor Cocktail (Roche, Palo Alto, CA). To ensure near quantitative extraction of membrane proteins, an equal volume of extraction buffer (20 mM NaCl, 1% sodium deoxycholate, 1% NP-40, 20 mM Tris, pH 8.0) was added, followed by a 30 min incubation on ice and a 5 min sonication in a water bath sonicator. Insoluble cellular and tissue debris was removed by high-speed centrifugation (100 000 g, 1 h). To generate the immunoaffinity matrix, the polyclonal DJ-1-directed antibodies were cross-linked with 20 mM dimethyl pimelimidate (DMP) to protein A agarose (Sigma-Aldrich, Oakville, ON) in the presence of 25 mM Borax, pH 9.4, using standard procedures (30 min, room temperature). Subsequently, the cross-linked bait protein complexes were immunoaffinity-captured on anti-DJ-1 agarose. During this step, samples were gently agitated on a turning wheel for 12 h then washed extensively with 0.5 M NaCl, 0.05% sodium-dodecyl sulfate (SDS), 1% NP-40, 20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), pH 7.3, and detergents were removed by a pre-elution wash with 10 mM NH 4 HCO 3 , pH 8.0. Proteins were eluted by acidification with 0.2% trifluoroacetic acid, 20% acetonitrile, pH 2.0.
Protein Reduction, Alkylation, and Trypsinization
Protein-containing fractions were denatured in the presence of 6 M urea, 20 mM NH 4 HCO 3 , pH 8.0, followed by reduction with 1 mM tris-(2-carboxyethyl)-phosphine for 30 min at 60°C and alkylation with 2.5 mM 4-vinylpyridine for 1 h at room temperature in the dark. To minimize the occurrence of carbamylation, the concentrated urea solution was passed through a mixed-bed ion-exchange resin immediately prior to its use to remove amine-reactive cyanates. Samples were diluted 4-fold to ensure that the concentration of urea did not exceed 1.5 M. Tryptic digestion was initiated by the addition of 1% (w/w) of side chain-modified, L-(tosylamido-2-phenyl) ethyl chloromethyl ketone (TPCK)-treated porcine trypsin and allowed to proceed at 37°C for 6 h.
iTRAQ Labeling
Following trypsinization, equal quantities of tryptic peptide mixtures were spiked with 1 pmol of synthetic (Glu1)-fibrinopeptide B (GluFib) (Sigma-Aldrich) to serve in the downstream analysis as an internal control for the efficiency of individual labeling reactions. Equal labeling with all four reagents was confirmed by equal intensities of 114:115:116:117 signature peaks upon forced fragmentation of the GluFib [M + 2H] 2+ parent ion at m/z = 785.85. Any strong deviation from this ratio would have indicated problems with the labeling reaction or recovery of individual samples prior to the sample mixing step. Individual iTRAQ labeling reagents (Applied Biosystems, Foster City, CA) were reconstituted in ethanol, added to peptide mixtures derived from the tryptic digestion of immunoprecipitation (IP) eluates, and incubated at room temperature in the dark for 3 h.
Two-Dimensional Liquid Chromatography
Strong cation exchange (SCX) chromatography was used to achieve peptide fractionation of the complex digest mixture. Samples digested with trypsin were adjusted to 25% acetonitrile and acidified (pH 3.0) by 20-fold dilution in 25% acetonitrile, 20 mM KH 2 PO 4 , pH 3.0. High-performance liquid chromatography (HPLC) was carried out using the Ultimate System (Dionex, Sunnyvale, CA) equipped with a microflow calibration cartridge, a Valco injection port, and a 180 nL volume UV cell. Separation was achieved on a self-packed 0.5 Â 110 mm Luna SCX column (Phenomenex, Torrance, CA) at a flow rate of 18 μL/min with a steep salt gradient from 0À400 mM NH 4 Cl in 25% acetonitrile, 20 mM KH 2 PO 4 , pH 3.0. Fractions eluted from the SCX column were desalted with C18 Empore (3M, Minneapolis, MN) stop and go extraction (STAGE) tips and subsequently subjected to nanoflow reverse-phase (RP)-HPLC using the Ultimate LC system (Dionex, Sunnyvale, CA) equipped with a nanoflow calibration cartridge at a flow rate of 250 nL/min. Peptides were separated on a 75 μm ID self-packed column containing Proteo C12 reverse-phase matrix (Phenomenex) using a 100 min gradient from 2À34% acetonitrile in water, with 0.1% (w/v) formic acid as the ion-pairing agent.
ESI-QqTOF Mass Spectrometry Analysis
The column effluent was coupled directly via a fused silica capillary transfer line to a QSTAR XL hybrid quadrupole/timeof-flight (QqTOF) tandem mass spectrometer (Applied Biosystems; MDS Sciex, Concord, ON, Canada) equipped with a MicroIonSpray electrospray ionization (ESI) source. The progress of each LCÀMS run was monitored by recording the total ion current (TIC) as a function of time for ions in the m/z range 300À1800. At 5 s intervals through the gradient, a mass spectrum was acquired for 1 s, followed by one collision-induced dissociation (CID) acquisition of 4 s each on ions selected by preset parameters of the information-dependent acquisition (IDA) method, using nitrogen as the collision gas. Singly charged ions were excluded from CID selection. The collision energy was adjusted automatically for each CID spectrum using an empirically optimized formula that considers the charge state and m/z value of the precursor ion.
Database Searches
Peak lists for database searching were created using Mascot Distiller (Version 1; MatrixScience, London, U.K.). Searches were performed using designated MS/MS data interpretation algorithms within Protein Prospector (Version 4.21.3; University of California, San Francisco, CA) 38 and Mascot (Version 2.2; MatrixScience). Searches considered up to one missed cleavage and charge states ranging from +2 to +4. The analysis of iTRAQ data was assisted by the software program ProteinPilot (Version 2.0; Applied Biosystems; MDS Sciex). All proteins listed in the table were identified with confidence by the application of the following filters: (i) CID spectra with individual confidence scores of less than 80% were not included (the determination of these confidence scores is documented in the Protein Pilot 2.0 Software Help); (ii) assignments to non-iTRAQ-labeled peptides were not considered; and (iii) all identifications of proteins had to be based on at least two CID spectra. The relatively low threshold of 80% was selected so that information that might be of interest to some reader was not lost. Raw iTRAQ ratios were corrected for impurity levels of individual reagent lots determined by the manufacturer. In instances where only two peptides supported the identification of a protein, we required the underlying CID spectra to generate a Mascot score indicating a <5% probability that the match could be considered a random event. It should be noted that the vast majority of proteins were identified with Mascot scores exceeding thresholds conventionally applied for confident identifications. In addition, the proteins that are discussed in greater detail (Hsc70, Hsp90, glycolytic enzymes, and peroxiredoxins) (i) were repeatedly identified with robust scores that exceed conventional confidence thresholds, (ii) were detected by multiple algorithms, and (iii) were indicated to cosegregate with DJ-1 by spectral counting and iTRAQ quantitation. The mass tolerance range between expected and observed masses used for database searches was (150 ppm for MS peaks and (0.15 Da for MS/MS fragment ions. Threshold levels were optimized based on LCÀMS/MS data sets of tryptic digests of standard proteins. The pyridylethylation of cysteines was expected to occur and, therefore, was considered as a fixed modification during the database queries. The variable modifications carbamylation, N-terminal acetylation or glutamine cyclized to pyroglutamine, oxidation of methionine, and phosphorylation of serines, threonines, or tyrosines were also taken into account when performing database searches. All samples were searched against the International Protein Index (IPI) mouse database at the European Bioinformatics Institute (release from November, 2009) and a "decoy" database in which all entries of the above IPI database had been inverted.
Immunoprecipitation and Western Blotting
Extract proteins were either directly analyzed following the adjustment of protein levels by the bicinchoninic acid method or immunocaptured and eluted in denaturing Laemmli SDS gel loading buffer assisted by incubation at 95°C for 10 min. Following SDSÀPAGE separation on 4À20% TrisÀglycine gels, proteins were electrophoretically transferred to poly(vinylidene fluoride) (PVDF) or nitrocellulose membranes. For immunodetection, Western blots were incubated overnight at 4°C with primary antibodies and for 2 h at room temperature with horseradish peroxidase conjugated secondary antibodies. Protein bands were visualized by enhanced chemiluminescence (ECL).
' RESULTS
Quantitative Comparative DJ-1 Interactome Analyses across Selected Tissues
To assess the influence of the cellular environment on the DJ-1 interactome, we initially set out to compare the molecular neighborhood of DJ-1 in alternative tissues: mouse brain versus mouse liver. To stabilize physiological interactions of DJ-1 prior to the disruption of tissue integrity, we employed the tcTPC method. tcTPC exploits the ability of formaldehyde to systemically spread throughout the entire body, pass cellular membranes, and act as a homo-bifunctional cross-linking reagent for the generation of covalent bonds between proteins which reside in spatial proximity in vivo. Following this step, selected tissues were rapidly dissected and homogenized in the presence of a quenching reagent (ammonium chloride) in order to prevent cross-linking at a time when proteins are no longer present in their physiological microenvironment. To distinguish unspecific binders from specific interactors, we made use of bait exclusion experimental design concepts exploiting the availability of DJ-1 knockout (KO) mice that display no overt phenotype. Thus, homogenates from wild-type (WT) and DJ-1 deficient mouse tissues were side-by-side subjected to coimmunoaffinity purifications. A DJ-1-directed polyclonal antibody was for this purpose covalently immobilized on protein A agarose. Following pH drop elution, proteins were denatured, reduced, alkylated, and trypsinized. To further enable distinction of specific from unspecific interactors and overcome notorious shortcomings posed by the well-known run-to-run variance of highly complex analyte mixtures in mass spectrometry applications, samples were isotopically tagged. More specifically, peptides in negative control samples and specific samples were conjugated to distinct isotopic tags for relative and absolute quantitation (iTRAQ114: negative control DJ-1 À/À liver; iTRAQ115: DJ-1 +/+ liver; iTRAQ, negative control DJ-1 À/À brain; iTRAQ117, DJ-1 +/+ brain). Samples were then combined, fractionated by two-dimensional liquid chromatography (first: strong cation exchange; second: reversed phase), and introduced by electrospray ionization into a quadrupole time-of-flight tandem mass spectrometer. A computational search of the International Protein Index (IPI) mouse database at the European Bioinformatics Institute with masses extracted from collision-induced dissociation (CID) spectra was used to identify candidate proteins cross-linked to DJ-1. Searches against a "decoy database", in which all sequence entries of the above IPI database were inverted, did not give rise to any protein identification that passed the significance thresholds we had applied; that is, while searches of the decoy database indicated a low false positive rate with which CID spectra were assigned to individual peptides, in no instance could more than one CID spectrum be assigned to the same protein entry in the decoy database. The immunoaffinity purification was repeated once, and only proteins that consistently copurified with the bait were considered ( Table 1 ). The identification of each of these proteins relied on strong CID spectra from at least two peptides. In fact, for each of the 10 most abundant proteins, more than 35% sequence coverage was recorded, and the strongest identification, seen for DJ-1, was based on 36 unique CID spectra and 83.6% sequence coverage. In total, this approach led to the
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The inspection of iTRAQ signature mass peaks that supported the identification of individual proteins revealed the following characteristics: Observed iTRAQ ratios were largely consistent across CID spectra that supported the identification of a single protein. Even when the iTRAQ ratios observed for individual proteins were compared between liver and brain, a high level of correlation was observed, documented by a strong Pearson correlation of 0.847, which, for this sample size, corresponds to a significance level of <0.01 ( Figure S3 , Supporting Information). However, distinct iTRAQ signature mass distributions could be recognized, which enabled the grouping of proteins into four different candidate categories ( Figure 1 , Table 1 ): (I) TissueIndependent Specific Binder Category: DJ-1 was the only protein in the list that displayed signal-to-noise of iTRAQ signature mass peak distributions consistent with the interpretation that it was exclusively found in the specific IP samples Figure S2 (Supporting Information), panels A and B, for a graphical depiction of iTRAQ ratios and the calculation of the 95% (two standard deviations) significance threshold. Please refer to the text and Figure 1B for explanations regarding the assignment of proteins to the four classification categories. Data presented in this and subsequent data tables are from one technical replicate.
ARTICLE derived from both brain and liver samples. Also assigned to this category was a small subset of proteins that revealed CID spectra with an iTRAQ distribution that suggested their coenrichment with DJ-1 (e.g., heat shock cognate protein of 70 kDa (HspA8), peroxiredoxins 1 and 6, and glyceraldehyde phosphate dehydrogenase (GAPDH)). However, none of these proteins displayed iTRAQ signature mass peak distributions that suggested exclusive and highly selective coenrichment with DJ-1, as their iTRAQ ratios of 115:114 or 117:116 were consistently lower than the one observed for DJ-1 (please see below for a discussion of this observation 
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Exemplary Validation of VCP Belonging to Tissue-Independent Nonspecific Binder Category A strong link exists between VCP and both cancer research and neurodegenerative disease research in the pertinent primary literature (reviewed in refs 39 and 40), which would make this protein a plausible candidate as a DJ-1 interactor. However, the distribution of iTRAQ signature peaks within multiple CID spectra obtained in the above DJ-1 interactome analysis and assigned to this protein suggested that it had merely been nonspecifically copurified with the affinity matrix. To validate this interpretation and, thus, assess in an exemplary fashion the reliability of the iTRAQ assignments, a reciprocal coimmunoprecipitation experiment was performed ( Figure S1 , Supporting Information). This experiment strongly corroborated the conclusion we had drawn from the distribution of iTRAQ signature peaks, namely, that VCP constitutes a tissue-independent nonspecific binder (category III) to the affinity matrix.
Quantitative Differential DJ-1 Interactome Analysis in ES Cells with and without Oxidative Stimulus
The comparison of DJ-1 brain and liver interactomes suggested that DJ-1 candidate interactors were largely identical in the two different tissues. The fact that each of these tissues is composed of a mixture of cell types suggested that the data we had generated represented the DJ-1 interactome averaged over all of these cell types. To explore to what extent this conceptual choice may have precluded our ability to explore the interactome more deeply, we sought to repeat the DJ-1 interactome analysis with biological material obtained from the expansion of a single cell type. To obtain DJ-1 knockout ES cells, we performed high G418 selection of heterozygous DJ-1 ES cells, which results in the replacement of the wild-type allele by the knockout allele carrying the G418 cassette in a subpopulation of ES cells, which was then expanded after picking and screening individual ES cell colonies. The ease with which a defined cell model is amenable to pharmacological intervention allowed us to further add complexity to the experimental paradigm. Specifically, we wondered whether the interactome of DJ-1 might be less profoundly influenced by cellular context than by oxidative stimuli, which previously had been reported to target DJ-1 to different subcellular compartments. We therefore included in our four-plex analysis a biological sample obtained from the culture of wildtype ES cells subjected to an oxidative stress stimulus exerted by the administration of H 2 O 2 . As for the previous interactome investigation, all four biological samples were obtained following cross-linking with formaldehyde ( Figure 2) . Two complementary quantitation strategies were employed in two biological replicates of this experiment to add confidence to interpretations and maximize the number of protein identifications. The spectral counting method was employed for its strength in providing extended coverage of proteins only found in one of the samples that are to be compared, thus minimizing the possibility that a weakly DJ-1-interacting protein may escape detection. iTRAQbased quantitations were employed because they minimize issues of run-to-run variance, a well-known shortcoming of the spectral counting approach. iTRAQ-based quantitations, however, tend to favor the identification of peptides contributed by more than one of the differentially profiled samples. The computational analyses of the spectral counting interactome data was assisted by ProteinProspector, a suite of algorithms for the mining and interpretation of protein mass spectrometry data. The Search Compare tool within this package allowed the side-by-side comparison of peptides present in the four consecutively generated subdatasets, which were submitted to query the aforementioned IPI database ( Table 2 ). All proteins shortlisted as candidate interactors of DJ-1 on the basis of the spectral counting analysis were present in the eluate fraction derived from DJ-1 heterozygote ES cells with 3À21 CID spectra (corresponding to robust identification scores of 106.1À838.7). In contrast, the same proteins were either entirely absent from eluate fractions derived from DJ-1 knockout ES cells (e.g., HspA8, peroxiredoxin, Hsp90 alpha, Hsp90 beta, and HspA9) or present with spectral counts (and identification scores) that were at least 3-fold lower than the corresponding spectral counts and scores seen in eluates from heterozygote ES cells. The second study, which relied on iTRAQ-based quantitation, was analyzed following the same work-flow described for the liver/brain interactome data. For this data set, CID spectra were analyzed by ProteinPilot (not shown) and Mascot with both algorithms returning essentially identical results (Table 3 ). Both spectral counting-and iTRAQ-derived DJ-1-interactome data queries returned DJ-1 as the protein for which the strongest sequence coverage was obtained, indicating success and good yield of the immunoaffinity capture step. A comparison of the two interactome data tables obtained by the two complementary quantitation methods revealed good consistency in the composition and complexity of the interactomes, Figure S2C (Supporting Information) for a graphical depiction of iTRAQ ratios and the determination of the 95% (two standard deviations) significance threshold.
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ARTICLE cells (not shown), which is a common phenomenon observed after picking ES cell colonies following high G418 selection, as a single remaining heterozygous ES cell may give rise to a persisting heterozygous ES cell subpopulation among an excess of knockout ES cells. The detection of this clonal mosaicity relied strongly on the use of spectral counting because iTRAQ quantitation alone would have suggested at least one alternative interpretation for the appearance of a low-level DJ-1 signal in the negative control sample, namely, a commonly observed minor iTRAQ114 impurity in the iTRAQ115 reagent used for labeling the DJ-1-specific samples.
(ii) When analyzed by spectral counting, multiple proteins observed in the DJ-1 interactome derived from ES cells expressing heterozygote or homozygote DJ-1 levels were not detected in the corresponding sample obtained from the DJ-1 À/À ES cells (e.g., HspA8, peroxiredoxin-1, Hsp90 alpha and beta) and as such were shortlisted as candidate DJ-1 interactors. (iii) The iTRAQ-based quantitation method pointed at the same proteins; however, instead of a black-orwhite result, iTRAQ quantitation made it easier to gauge the relative reduction of these proteins in interactome samples derived from DJ-1-deficient ES cells. (iv) The treatment of wild-type cells with hydrogen peroxide made no difference to the DJ-1 interactome protein lists obtained, arguing that the molecular neighborhood of DJ-1 either remains unchanged under these conditions or physiological changes that do occur cannot be elicited with the methodology we applied.
Comparison of Interactome Data Sets
From a technical point of view, multiple observations suggest that the mass spectrometry analyses produced meaningful data: (i) DJ-1 was consistently ranked as the most prominent hit, both in terms of sequence coverage and in number of unique CID spectra interpreted to be derived from this bait; (ii) several possible technical confounders (e.g., high amount of keratins in samples, low sample quantity, low percentage of isotopic labeling) were not observed; (iii) strong unequivocal assignments of more than 30 proteins could be made per subdataset, and no proteins were identified when peak lists were submitted to decoy database searches.
For the purposes of comparing individual data tables, we decided to sort, in addition to the DJ-1 bait, the strongest candidate interactors in each of the data sets, either on the basis of enrichment ratios that passed the significance threshold of two standard deviations ( Figure S2 , Supporting Information, iTRAQ data tables) or on the basis of a combination of enrichment ratios and score (spectral counting). As expected, the cutoff values (shown at the bottom of individual data tables) differed, most likely as a consequence of (i) sample-to-sample differences in the iTRAQ mixing ratios of iTRAQ labeled co-IP samples; (ii) DJ-1 levels not being precisely constant across samples, thereby giving rise to different degrees of enrichment of DJ-1 and its candidate interactors; and (iii) differences in the analysis methods used for quantitation (spectral counting versus iTRAQ). This comparison revealed a considerable overlap, consisting of six of the shortlisted candidate interactors obtained in the ES-based analyses, with those obtained in the DJ-1 brain or liver interactome investigations (Table 4) . When we classified candidate interactors according to available gene ontology and functional information, it was apparent that heat-shock proteins, peroxiredoxins, and glycolytic enzymes were overrepresented.
Hsc70 (HspA8) emerged as the most consistent candidate interactor of DJ-1 in this study, observed in both tissues (liver and brain) and in ES cells. The binding of DJ-1 to Hsc70 was specific by three measures: (1) Neither Bip (HspA5) nor HspA2 Figure S2 (Supporting Information).
(Hsp70-3), two other highly abundant cellular chaperones of the Hsp70 family with more than 10 paralogs in humans, 41 were found in the data sets. (2) A significant number of other chaperones were found in the sample, but these did not appear to bind to DJ-1, as their presence was undiminished in samples derived from DJ-1 knockout materials. For example, peptides belonging to the mitochondrial chaperones Hsp60 or Hsp10, proteins known to associate with HspA9, 42 were found equally distributed in immunoprecipitation eluates collected from DJ-1 knockout and wild-type extracts. (3) Despite the fact that most of Figure 3 . Direct evidence of DJ-1 Cys106 sulfinic acid modification after H 2 O 2 treatment of ES cells. Four-plex comparison of the relative contribution that samples made to the identification of two DJ-1-derived peptides. Parallel co-IPs from DJ-1 deficient, DJ-1 heterozygote, and wild-type ES cells treated or untreated with H 2 O 2 were followed by iTRAQ-based quantitation and ESIÀMS/MS analyses. iTRAQ labeling reactions were set up as indicated in Figure 3 , i.e., iTRAQ114 label: DJ-1 À/À ; iTRAQ115 label: DJ-1 À/+ ; iTRAQ116 label: wild-type; and iTRAQ117 label: H 2 O 2 -treated wildtype ES cells. (A) CID spectrum assigned to tryptic peptide surrounding the Cys106 residue (GLIAAICAGPTALLAHEVGFGCK). iTRAQ signature mass peak ratios document contribution of this peptide primarily from the H 2 O 2 -treated wild-type IP eluate, with minor contributions from DJ-1 heterozygote and untreated wild-type ES cells and absence of this peptide in the DJ-1 knockout eluate. (B) Representative CID spectrum assigned to an unmodified DJ-1-derived peptide indicating relatively similar contribution of this peptide from all DJ-1 eluate samples except the negative control. Insets: high resolution graphs depicting iTRAQ signature mass peaks.
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Of the total of 16 shortlisted candidate interactors identified (please note that DJ-1 was included in this tally to reflect its wellestablished ability to dimerize 6, 8, 10 ), half of them were only found in one of the samples. Importantly, this result cannot simply be ascribed to weak identifications that often underlie run-to-run variance and the sporadic appearance of protein IDs in individual data sets. A case in point is Hsp90 alpha, a protein that was identified as a candidate interactor by ES cell-based DJ-1 interactome analyses but not seen in the tissue-based DJ-1 interactome data set. Note that in the tissue-derived data set, no CID spectrum was attributed to the presence of Hsp90 alpha (Table 1 ) despite a robust enrichment of the DJ-1 bait (34 unique CIDs). Contrast this with the 10 unique CID spectra (and a confident Mascot score of 292) that were assigned to Hsp90 alpha in the ES cell-derived data set despite the fact that, based on spectral counts, the latter sample may have contained lesser amounts of DJ-1 (24 unique CIDs) than the tissue-derived IP eluates. Thus, Hsp90 may represent an intriguing example of a protein associated with DJ-1 in ES cells but not in the mouse tissues we investigated.
In Vivo Hydrogen Peroxide Treatment Alters DJ-1 PostTranslational Modification
The DJ-1 literature is divided over whether oxidative stress may lead to changes in the intracellular localization of DJ-1. The interactome data presented in this manuscript suggested that oxidative stress conditions similar to the ones reported to cause cellular redistribution of DJ-1 may not lead to dramatic rearrangements of the next-neighbor relationships that DJ-1 engages in. Naturally, the absence of such an observation could merely reflect an inability of the experimental paradigm to capture these changes or subtle differences of experimental setup that prevent their replication. We therefore explored alternative means to assess whether DJ-1 was able to "sense" the oxidative stress conditions we had applied in this study through alterations in its post-translational modification state. A subset of previous studies had indicated that oxidative stress may trigger the covalent modification of DJ-1 on amino acid residue Cys106 to cysteine sulfonic or cysteine sulfinic acid. 19, 43 We therefore edited the MASCOT algorithm to consider three oxidation states of cysteine (cysteine sulfenic, cysteine sulfinic, or cysteine sulfonic acid modifications) in its data analysis. A search of the DJ-1 interactome data set derived from ES cells then confirmed the presence of a strong CID spectrum that assigned a cysteine sulfinic acid modification to the expected amino acid (Figure 3) . The confidence of this assignment was corroborated by the following observations: (i) the assignment was highly specific, as no other peptide in the entire data set (out of more than 1000 CID spectra assigned) was interpreted by the algorithm to be modified in this manner, (ii) the search for cysteine sulfonic or cysteine sulfenic acid modifications did not lead to a positive identification, and (iii) the distribution of iTRAQ signature mass peaks within the assigned CID spectrum correlated with the experimental design; that is, whereas the vast majority of CID spectra assigned to DJ-1 showed a distribution of iTRAQ signature mass peaks that indicated relatively equal levels of DJ-1 in eluate fractions (indicated by equal intensities of iTRAQ signature mass peak 115, 116, 117), the CID spectrum which supported the assignment of this modification was primarily contributed by the sample that had been treated with hydrogen peroxide (indicated by iTRAQ signature mass peak 117). Taken together, this experiment confirmed that the oxidative stress conditions these cells had been exposed to had indeed impacted the oxidation state of DJ-1.
DJ-1 Positively Influences the Activity of Mammalian Hsp90
The most striking difference revealed by a comparison of the DJ-1 interactome data obtained from tissue-and cell-based analyses was the absence of Hsp90 from the tissue-based data set. Importantly, both the spectral counting method and the iTRAQ-based quantitation suggested selective coenrichment of Hsp90 with DJ-1 as opposed to an unspecific copurification with the affinity matrix. We therefore decided to explore whether differences in the expression level of Hsp90 in tissue versus ES cells might be responsible for this discrepancy. This turned out not to be the case, as levels of Hsp90 protein observed by Western blotting were highly similar in the selected tissues and ES cells that served as biological source materials in this work (Figure 4) . In contrast, peroxiredoxin-1, which was consistently coenriched together with DJ-1 in all coimmunoprecipitations we conducted, appears to be of relatively low abundance in the liver and brain relative to its expression in ES cells. A poor correlate of expression levels and captured amounts of candidate interactors would not be surprising if the expression profiles of DJ-1 and Hsp90 or peroxiredoxin-1 showed little overlap but were counterintuitive for a bait protein as highly and broadly expressed as DJ-1 (see also below). These data further revealed that the absence of DJ-1 does not alter apparent levels of expression of Hsp90 protein. Hsp90 is a widely expressed cellular chaperone, well-known for its role as a key regulator of some of the bestcharacterized signaling pathways. It is involved in the maturation, stabilization, and/or activation of a select but structurally broad clientele of proteins, including many kinases such as Raf-1 and PKB/Akt. While it has remained largely unknown how Hsp90 acts upon its clients, specific inhibitors such as geldanamycin (GA), a benzoquinone anamycin antibiotic that binds to Hsp90, have become available. 44À46 Consequently, the effect of Hsp90 on kinases can be monitored by employing Western blotting analyses to determine client protein levels, a surrogate frequently used to approximate their relative stabilization. To determine whether DJ-1 might itself be a client of Hsp90 activity or, conversely, whether DJ-1 influences the Hsp90-dependent stabilization of protein levels of a subset of well-established Hsp90 client kinases, 47, 48 ES cells were subjected to the treatment with GA, and, subsequently, levels of DJ-1, Raf-1, and Akt were assessed by Western blotting following adjustment of protein levels. This experiment revealed no effect of GA on DJ-1 levels and no effect of DJ-1 expression on the GA-dependent inactivation of Hsp90. However, the data robustly demonstrated a positive correlation of the level of Raf-1 or Akt with the level of DJ-1 present in ES cells ( Figure 5 ). We conclude that DJ-1 may act upstream or in concert with Hsp90 as a positive regulator of Hsp90 activity.
' DISCUSSION
General Comments
This paper describes large-scale comparisons of the DJ-1 interactomes of in vivo cross-linked mouse brains and livers and of DJ-1 wild-type ES cells. To implement target exclusion concepts and facilitate the recognition of specific candidate interactors from unspecific binders to the affinity matrix, the study made use of DJ-1-deficient mice or mouse embryonic stem cells and complementary quantitative mass spectrometry. Data collected in this work (i) revealed heat shock proteins (HspA8 and Hsp90), peroxiredoxins (1 and 6), and a small number of proteins belonging to the glycolysis pathway in spatial proximity to DJ-1; (ii) established prominent similarities but also striking differences in the interactome data sets of DJ-1 in tissues and cells; (iii) directly documented the in vivo existence of a cysteine sulfinic acid modification of Cys106 within DJ-1 upon exposure of ES cells to hydrogen peroxide stress; and (iv) established Hsp90 as a protein acting downstream or at the level of DJ-1 in a cell-context dependent manner. The results obtained in this work indicate that caution should be exercised when interpreting interactome data obtained from a single biological source.
A particular technical challenge that was represented in this work was the relative abundance of DJ-1 in the cellular proteome. With a protein bait of this nature, it was no surprise that the candidate interactors that emerged from this work were largely known to constitute abundant cellular proteins themselves. We decided to employ in vivo cross-linking to stabilize next-neighbor relationships prior to the disruption of cellular integrity and thus minimize the occurrence of unspecific interactors by enabling stringent washing during subsequent sample handling steps. However, we were cognizant that chemical cross-linking would not only stabilize functional interactions but also generate covalent bonds among proteins which reside in vivo in spatial proximity to each other without necessarily working together in a functional sense. Given the abundance of DJ-1 in the cytosol, it was therefore expected that many highly abundant cytosolic proteins would populate the DJ-1 interactome lists. The situation is further complicated by the notorious representation of some of these highly abundant cytosolic proteins (actin, tubulin, Hsp70, etc.) on interactome data tables of this kind, on account of their tendency to copurify nonspecifically on affinity matrices and through direct or indirect interactions with other proteins. Spectral counting and iTRAQ-based quantitation data both served the purpose of discriminating specific interactors from unspecific binders and pointing to the same candidate DJ-1 interactors.
Interactome studies of nonabundant bait proteins are often characterized by black-and-white outcomes, with candidate interactors entirely absent from negative control samples. The observation that no DJ-1 candidate interactor that we identified in this work exhibited as high a ratio of enrichment as observed for the DJ-1 bait protein itself was not unexpected and suggests that all candidate DJ-1 interactors were at least in part present in the data sets due to an underlying propensity of these proteins to also bind nonspecifically to the affinity matrix. In this situation, it would be desirable if a threshold could be defined at which a protein can be considered a candidate interactor versus an unspecific binder. Unfortunately, a biologically meaningful threshold cannot be found because the level of enrichment (when comparing specific and negative control sample) could be infinitely small if only a small proportion of a protein engages in a physiological interaction with the bait protein or a sample handling step would disfavor copurification with the bait (e.g., if the cross-linking chemistry employed would not be suited to covalently stabilize an existing interaction). Multiple low abundance cellular proteins were also found in our data set. However, these proteins either were interpreted to have been nonspecifically copurified based on their iTRAQ ratios (e.g., Tim8 and Tim13) or populated the interactome data table at lower ranking positions and therefore were less obvious candidates for followup studies. It is plausible that some of these proteins nevertheless represent biologically important nonstoichiometric interactors of DJ-1, and it is further to be expected that other biologically important interactors were missed, for example, if the conditions of cross-linking and sample processing we had selected did not favor their enrichment or detection. The latter scenario may also 
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ARTICLE have contributed to a low level of overlap of previously reported DJ-1 candidate interactors and interactors identified in this work (restricted to the protein HspA9, see below). Notably though, to our knowledge none of the previously proposed candidate interactors of DJ-1 have been independently confirmed by others and, as such, gained acceptance as authentic DJ-1 interactors at this time.
Sulfinic Acid Modification of Cys106 and Relationship of DJ-1 to Peroxiredoxins
To our knowledge, the identification of the Cys106 sulfinic acid modification represents the first time that this DJ-1 modification was unequivocally confirmed to occur in vivo on the basis of the direct detection of the modified peptide by mass spectrometry. Previous characterizations of DJ-1 protein purified from human umbilical vein endothelial cells initially documented a sulfonic acid modification of this residue. 43 However, subsequent high resolution X-ray structure data collected from recombinant DJ-1 favored the interpretation that DJ-1 carries a sulfinic acid modification and suggested that the protein may undergo overoxidation during sample handling steps. 49 Most recently, the latter interpretation had gained support from a study that employed sulfinic acid-specific antibodies in order to indirectly assess the oxidation state on this residue. 19 The H 2 O 2 -dependent modification of Cys106 was contrasted by a small, if any, effect of the oxidative stress stimulus on the list of DJ-1 candidate interactors. Upon cursory inspection, this result may contradict previous work that suggested that the oxidation of Cys106 is paralleled by the relocalization of DJ-1 to mitochondria. 30, 50 More work will be needed to distinguish between the following plausible interpretations: (1) DJ-1 may not undergo dramatic rearrangements in its interactome or subcellular localization as a result of an oxidative Cys106 modification, (2) DJ-1 may be embedded in a larger protein complex (see below) that relocates to mitochondria, with possibly profound changes of its secondary interactions but little change to direct DJ-1 interactors whose detection is favored in this kind of cross-linking analysis, or (3) only a relatively small proportion of DJ-1 may have shifted in its subcellular location, and the methodology we employed may not be sensitive enough to pick up differences in protein proximities or may be biased against the detection of a subset of interactors.
Peroxiredoxins (Prdxs), a family of ubiquitous peroxidases consisting of six mammalian isoforms, are well-known for a redox chemistry characterized by a redox-active cysteine that can be oxidized to a sulfenic acid 51 and, subsequently, recycled to a thiol by, for example, glutathione or ascorbic acid. 52 Overoxidation of the respective redox-active cysteines to sulfinic acids has repeatedly been reported and represents a reaction that can be reversed in the presence of sulfiredoxin. 53 Our work adds fuel to the hypothesis that DJ-1 itself may constitute an atypical peroxiredoxin-like peroxidase 19 by demonstrating that multiple peroxiredoxins coenrich together with the DJ-1 bait in tissue-and cell-based studies. It remains to be shown whether this coenrichment depends on direct interactions with DJ-1 or on an ability to interact with a common binder shared by both DJ-1 and diverse peroxiredoxins (see below). Both peroxiredoxins and DJ-1 occur as structural dimers, and even the existence of disulfide-linked heterodimer intermediates cannot be excluded in light of a report demonstrating an analogous heterodimer structure of peroxiredoxin-6 covalently linked to glutathione S-transferase pi. 54 
Hsc70 and Hsp90 as Candidate Interactors of DJ-1
It is likely that the Hsc70 binding to DJ-1 was direct (as opposed to mediated through the interaction of DJ-1 with some other protein) because no other protein fulfilled the following two criteria better than Hsc70, that is, gave rise to an equally confident identification (percent sequence coverage) and displayed a stronger dependence on the presence of DJ-1.
Our data do, however, suggest a possible, albeit less prominent, interaction of DJ-1 to at least one other member of the HspA protein family, HspA9, also known as mortalin, which has recently been shown to be substantially decreased in the brains of Parkinson's disease (PD) patients and in cells treated with the parkinsonian toxicant rotenone. 55 A curious observation in this work was the robust but selective coenrichment of Hsp90 with DJ-1 in ES cells but not in mouse tissues. This finding contrasted the consistent coenrichment of Hsc70 with the bait protein. Hsc70, as expected from its designation as a "cognate" member of the Hsp70 protein family, is expressed under basal conditions, whereas Hsp90 is known to be upregulated when cells are placed under certain stress conditions. Though initially attractive as a plausible explanation, upregulation of Hsp90 levels in ES cells seems unlikely as an explanation for the selective coenrichment of Hsp90 in ES cells because expression levels of Hsp90 in samples adjusted for total protein amounts were equal for both tissues and ES cells. The situation is further complicated considering that Hsp90 is known to work in large chaperone assemblies with possibly over a dozen cofactors that may link it to the proteasome and the Hsc70 system. 56 Although some of these cochaperones such as Hsp40 and Hop/Sti1 have been identified 57 and high-resolution structures for individual components of this molecular machinery have become available, 58À60 relatively little is known about the molecular architecture of the assembled chaperone machinery or the dynamics of its regulation.
An Emerging Model of DJ-1 in Neurodegeneration and Cancer
This work adds weight to an emerging model, in which key proteins involved in the etiology of Parkinson's disease are constituents of a functionally specialized network, or possibly multiple networks, of proteinÀprotein interactions with Hsc70/ Hsp90 chaperones at its core, 61 with Pink1 and Lrrk2 as clients and with direct connections to the proteasome through the interaction of Hsc70 with two ubiquitin 3 ligases, parkin, and the carboxyl terminus of Hsc70-interacting protein (CHIP). 62 Possible links of this network to R-synuclein biology have been proposed before 63, 64 and may involve an interaction of Hsc70 with the cysteine-string protein and small glutamine-rich tetratricopeptide repeat-containing protein (SGT). 65, 66 In support of a central involvement of the Hsc70/90 chaperone network in Parkinson's disease, (i) Pink1 has been shown to be stabilized by Hsp90; 67À69 (ii) LRRK2 has been shown to be stabilized by the carboxyl terminus of CHIP; 70À72 (iii) Hsp90 has been shown to regulate recycling of extracellular R-synuclein; 73 (iv) parkin has been shown to associate with Hsc70 74 and possibly mediate the degradation-independent ubiquitination of Hsc70; 75 (v) Hsc70 expression has been documented to prevent R-synuclein-dependent and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-dependent dopaminergic degeneration in Drosophila 76 and mouse models 77 of Parkinson's disease; (vi) the distribution of the constitutive Hsc70 rather than the inducible Hsp70 has been observed to be altered in PD; 78 and (vii) post-mortem Lewy bodies have been shown to immunostain for Hsc70 and Hsp90. 79 Do the DJ-1 interactome data presented here shed light on a possible role of DJ-1 in cancer? Our data place DJ-1 within arm's reach of a molecular machinery that connects oxidative stress pathways to PKB/Akt as well as to Ras/Raf-1/MAPK signaling, and one may speculate that these connections are relevant in this context. For instance, the activation of PKB/Akt depends on both the availability of phosphorylated lipids and the support from a specialized Hsp90 chaperone network. The lipid phosphatase and tumor suppressor PTEN, which is known to facilitate the dephosphorylation of 3-phosphoinositide lipid second messengers, especially PtdIns (3,4,5)P 3 , and thereby attenuate activation of PKB/Akt, is itself highly susceptible to oxidative stress due to the redox-sensitive cysteines it harbors in its lipid phosphatase catalytic center. The DJ-1 candidate interactor peroxiredoxin-1 has recently been shown to bind to PTEN in a H 2 O 2 -dependent manner, 80 thereby exerting a PTEN protective function. Whereas our own data did not confirm a previously reported direct interaction of DJ-1 and PTEN, 3 our data suggest DJ-1 may be able to influence this PTEN inactivation pathway on the basis of its capacity to both bind to peroxiredoxins and absorb H 2 O 2 with its oxidation-prone Cys106 residue. The Hsp90-dependent activation of Akt has served as a central paradigm of Hsp90 activity for many years. The robust link of DJ-1 to the Hsc70/Hsp90 molecular network and the demonstration of a reduced stabilization of Akt in DJ-1 knockout ES cells presented here further strengthen a possible role of DJ-1 in Akt-related cancer pathways.
' CONCLUSION
The data presented in this work are consistent with the notion that DJ-1 acts as a sensor of oxidative stress, possibly in concert with peroxiredoxins and a chaperone network that works to prevent the accumulation of misfolded proteins (Hsc70). Given the appropriate cellular context, a branch of this network may participate in the regulation of signaling pathways (Hsp90) at the intersection of cell fate decisions leading to cellular proliferation (cancer) or cell death (as exemplified in PD).
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